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THE DEVELOPMENT OF STRUCTURAL DESIGN
AND THE SELECTION OF DESIGN PARAMETERS
OF AERODYNAMIC SYSTEMS FOR DEORBITING

UPPER-STAGE ROCKET LAUNCHER

The aerodynamic systems for upper-stage rocket launcher de-orbit have been analyzed. The feasibility and possibility
of creating aerodynamic inflatable deorbit systems have been established. A mathematical model of upper-stage rocket
launcher orbital motion has been developed. The aerodynamic deorbit system parameters for various configurations ne-
glecting effects of space factors have been calculated. The effect of space factors on the aerodynamic deorbit system has
been estimated. The effect of atomic oxygen and cosmic vacuum (sublimation) has been showed to lead to a decrease in
shell thickness, while space debris causes an increase in consumption of working substance to inflate shell. The structural
design has been selected and aerodynamic deorbit system parameters have been calculated with effect of space factors

taken into account.

Keywords: upper-stage rocket launcher, space debris, aerodynamic deorbit system, and space factors.

Today, the near-space is filled with space de-
bris. Fig. 1 [1] shows the growing dynamics of
cataloged space debris (SD) fragments having a
size over 10 cm, in near-earth orbits. Also, a steady
increase in the amount of SD by 300 fragments
per year has been reported, with low near-Earth
orbits being the most littered region.

The main SD sources are spacecraft (SC),
carrier rocket (CR) stages, and space missions
(Fig. 2) [2].

In order to prevent the increase in the number
of SD fragments, the Interagency Space Debris
Coordination Committee has recommended to
limit the orbital existence of space objects with a
period of 25 years [3].

For spacecraft deorbiting from low near-Earth
orbits both active and passive systems are used.
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The most common is deorbiting with the help of
an active system, since such a method has been
practiced in space research for the last 60 years.
Its implementation requires SC orientation
along the velocity vector, a deorbit burn, and,
therefore, the operation of all SC service systems.
However, it is known that the main causes for
the SC failure is degradation of solar panels, loss
of communication with SC, and other factors
that in some cases make it impossible to use ac-
tive systems for the deorbiting.

Unlike the active ones, the passive systems do
not require SC orientation in space for its deor-
biting. The most promising low near-Earth or-
bital systems are aerodynamic deorbiting systems
and electrodynamic tether deorbiting systems [4,
5]. The disadvantages of tether systems include
the problem of deploying a wire to required length
(up to several kilometers) resulting in a signifi-
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Fig. 1. Number of space debris in the near-Earth orbits [1] 7 — total number of objects; 2 — space debris fragments; 3 —
spacecrafts; 4 — operation debris; 5 — boosters
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Fig. 2. Main sources of space debris [2]

cantly increased probability of tether obstruc-
tion, its insufficient tension and damage by SD.
The use of aerodynamic resistance forces of
space objects to perform their basic functions
[6—9] and inflatable space aerodynamic systems
[10—15] has enabled to create aerodynamic sys-
tems for spacecraft deorbiting (SCADS) [16—
27]. An example of this is a successful experiment
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on the deployment of SCADS in the form of a
square sail (NANOSAIL-D), when a 4 kg nano-
satellite was deorbited in 240 days, which con-
firmed the system feasibility.

DESIGN OF CONFIGURATIONS
AND PARAMETERS OF BOOSTER ROCKET
DEORBITING AERODYNAMIC SYSTEM

As mentioned above, one of the main sources of
SD is carrier rocket stages. When designing the
upper rocket carrier, Pivdenne Design Office fac-
ed a need to create an aerodynamic deorbiting
system (ADS). Two symmetrical zones were al-
located for placing ADS on RC board (Fig. 3).

To design a configuration, a solid-state model
of the CR stage was created with allocated vol-
ume adapted (Fig. 4).

The technical parameters of the CR stage are
as follows:

weight,kg ... ... 2140
orbit height, km............................. 600—1000
eccentricity of the orbit...................... 0.0004
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The input data for ADS design are as follows:
+ the system weight shall not exceed 45 kg;

+ the term of orbital existence of CR stage with

ADS: 25 years.

A method for reducing the ballistic lifetime of
space objects in near-Earth orbits and a device
for its implementation has been proposed to
adapt existing ADS for its use on the upper CR
stages [28].

The device operates as follows. For deorbiting
the SC, using the element 2, the aerodynamic ele-
ment (AE) 3 moves forward (Fig. 5, a) and the
space object starts leaving orbit. As soon as AE
fails, it is disconnected from the space object
(Fig. 5, b). The causes of its damage are the loss
of shell material thickness under the influence of
space vacuum and atomic oxygen, as well as the
loss of the shell integrity, which occurs under the
action of space debris. As the SC descends to the
altitude acceptable for AE deployment, a new AE
element is deployed, with the SC continuing de-
orbiting (Fig. 5, ¢). If this AE also fails, it is dis-
connected in the same way as the previous AE
(Fig. 5, g, d). All AEs can be disconnected from
SC, except for the last one that, together with SC,
reaches the dense atmospheric strata (Fig. 5, e).
As a result, the volume and mass required to use
a single shell on SC board decrease, whereas the
ADS operation reliability increases.

D = 3880 mm

<

placement (2)
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Fig. 3. Area for ADS placement
on booster rocket board

Fig. 4. General view of booster (7) and area for ADS
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ANALYSIS OF SPACE FACTORS
EFFECT ON ADS

The ADS is assumed to be effected by the fol-
lowing space factors:

+ Space vacuum (sublimation);
+ Atomic oxygen;
+ SD.

The long-term action of vacuum leads to loss of
matter, mainly, as a result of sublimation. The rate of
polymeric material thickness change under the sub-
limation effect is calculated by the formula [29]:

\] P

where §, is ADS surface area; P, . is saturated
gas pressure of sublimed material defined by the
formula [29]:

dA

. P
dt
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where A, B are coefficients that according to [30]
are assumed to be equal to A = 3, B = 3000; p,,
is sublimed matter density; p,,, is molecular we-
ight of film material, for PM-A polyimide ., =
=0.12212 kg/mole [31]; N, is the Avogadro num-
ber, N, = 6.022 - 10 mole™; k, is the Boltzmann
constant, k, = 1.38 -10% J/K; T, is surface
temperature of film material (FM).
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Fig. 5. External view of ADS: a — initial position; b — the first AE disconnection; c— launch of the next AE; d — repeated
disconnection of AE; e — the next AE disconnection; / — launch of AE: 7 — space object; 2 — element to fasten ADS to space
object; 3—6 — aerodynamic element
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In near-Earth orbits, the factor that determin-
es changes in the chemical, thermo-optical, and
mechanical properties of polymers is high-speed
atomic oxygen fluxes. The change in film thick-
ness under the influence of atomic oxygen is de-
termined by the formula [32]:

dA,

T =R, D, 3)
where R, is film mass loss factor defined by the
formula [32]:

RE =10"3-(9.5 — 8.3 50" M); (4)

y is erosion coefficient for PM-A polyimide, y =
= 2.3; @, is atomic oxygen flux.

The effect of SD on ADS is estimated by the
following algorithm:

1) To determine minimum size d_.of SDF ca-
pable of damaging the shell of thickness §;

2) To calculate collision frequency of ADS shell
and SDF;

3) To estimate pressure drop inside ADS shell.

Minimum size d__ , of SD fragment capable of
damaging the shell of thickness 8 is calculated by
the ballistic equation [33]:

d . = (0106022 -¢-H}*-\p, /p, - (c/V)?* )75, (5)
where d_. is SDF diameter; H,’/is Brinell hard-
ness of target material; p, p are SDF and film
material densities; ¢ is sound speed in SDF mate-
rial (for aluminum ¢ = 5.1 km/s); Vis SDF velo-
city (average velocity V=10 km/s).

Based on obtained d_. the collision frequency
of ADS shell and SDF is calculated [34]:

N=5,-Qd), (6)

(7)

where S, is ADS surface area; Q (d)) is average
flux of SDF with a diameter 4, at a given altitude
h calculated using MASTER-2009 model [54];
d_ ., d_ , are minimum and maximum SDF sizes
for calculations using MASTER-2009.

Further, pressure drop inside ADS shell as a re-

sult of SDF action during ¢, is estimated. Using

d <d<d

min— i — min’
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d, the rate V, of formation of holes having an area
of §, in the shell for time 7, is calculated as:

V,=5,N, (8)

where S is area of holes in the shell as a result of
collision with SDF calculated as:

)

where d is SDF diameter.
Mass gas flux A, through the hole of area §,, is
determined by the formula [55]:

l 1 2 S
J 2nR \/7 \/7
where p,, p, are gas pressure inside the shell and
exosphere pressure, respectively; T,, T, are of
gas inside the shell and exosphere temperature,
respectively; R is universal gas constant, R =
= 8.3144621 m? - kg/s* - K - mole.

ADS stops operation if p / \/T1 = pQ/\/T2 and
G—0.

(10)

ADS PARAMETER OPTIMIZATION

Since the main task of optimization is to minimize
ADS weight, it is necessary to set up the criterion:

(11)

ADS weight parameters depend on design pa-
rameters of its elements which have to effective-
ly deorbit the booster rocket. Therefore, all ADS
elements put limitations of ADS weight depend-
ing on effectiveness criterion that can be written
as inequality:

m, ., —> Min.

t.,.>t

CAC — 7L’

(12)
where ¢, . is ADS active lifetime under the influ-
ence of space factors; ¢, is orbital life of booster
rocket with ADS.

The input data for choosing the optimal con-
figuration are as follows:
+ booster rocket weight is 2150 kg;
+ Orbit height is 600 km; 700 km; 800 km; 900 km;

1000 km;
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+ ADS configurations: Sphere, Circle, Triangle Prism,
Square Prism, and Torus and Sphere Cone.
The ADS configuration parameters are as follows:
+ ADS weight;
+ ADS aerodynamic element weight;
+ Pressurizing system weight;
+ Storage system weight.
The requirements for ADS are as follows:
+ ADS weight <40 kg;
+ Orbital lifetime is 25 years.
Simulation has been done for the input data
and ADS weight for various configurations has
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been calculated. The ADS parameter optimiza-

tion by the criteria is:

t. .=t

CAC — "L

< gpoon ’
ACY — mACy

(13)
The optimization results are given in Figs. 6
and 7.
Figs. 6 and 7 show that according to the crite-
rion (12), the most effective is Torus and Sphere
Cone configuration.

FmACy=f(mAE AL Ay, my, A)) — min

DETERMINATION
OF ADS APPLICATION LIMITS

For estimating limits of AS application for boos-
ter rocket deorbiting the following input data are
assumed:

+ booster rocket weight m,;

+ area of middle booster rocket cross section S, ;

+ booster rocket apogee height /,;

+ orbit eccentricity ¢;

+ ballistic lifetime z,.

The design parameters are determined using
methodological approaches showed in the second
section of this research. Analysis of ADS applica-
tion limits are based on assumptions:

+ ADS has a spherical shape, i.e. ADS based on
single shells is used,;

+ ADS weight is determined by weights of aero-
dynamic element, pressurizing system, and
storage system,;

+ ADS weight shall be less or equal to weight of
working substance required for booster deor-
biting;

+ ADS weight shall be less or equal to weight al-
lotted for ADS on the booster;

+ The effect of space factors has been taken into
consideration.

The mathematical statement for choosing ADS
parameters is to minimize the ADS weight. In this
case, the optimization criterion formula is fair:

mCT = f (tL’ mCT” SM’ mAE’ mCH’ mCX’ A1’ AQ’ AS) -

m,..<m
. ACB — 71T
m,,c=m

(14)
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where m, . is ADS weight; m, is ADS aerody-
namic element weight; m_, is ADS pressurizing
system weight; m ., is weight of system for ADS
keeping on booster board; m,, is weight of fuel
required for booster deorbiting as calculated by
the formula

AV]

u

mu - mCT l-e ’

(15)

where m,. is booster weight; AV is required velo-
city margin required for booster deorbiting; A,,
A,, A, are coefficients to take into account the ef-
fect of space factors: space vacuum, atomic oxy-
gen, and space debris, respectively.

For comparative analysis a liquid-fueled jet pro-
pulsion system is used as active system for deor-
biting waste SC.

Effectiveness of propulsion system use for de-
orbiting has been estimated by the following al-
gorithm:

1) determination of SC ballistic lifetime;

2) determination of necessity of deorbiting ma-
neuver;

3) calculation of final orbit parameters depend-
ing on given SC ballistic lifetime;

4) calculation of increase in velocity required
for transition for final orbit;

5) calculation of fuel weight required for boost-
er deorbiting.

To determine the application limits it is neces-
sary to compare ADS weight with fuel weight re-
quired for deorbiting (Fig. 8).

Analysis of obtained results (Fig. 8) has show-
ed that ADS is feasible to be used for deorbiting
the booster rockets from orbits with a higher un-
der ~ 780 km.

METHODS FOR ADS
PARAMETER SELECTION

To solve the problem of choosing the ADS pa-
rameters, a method has been developed that en-
ables to obtain information on the system param-
eters with ADS size limitations and space factor
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400

B Sphere
A Torus and sphere cone

350
300
250
200
150

Weight required
for booster deorbiting, kg

100
50

0

700 750 800 850 900
Orbit height, km
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required for booster rocket deorbiting

effect taken into account at different stages of the

development of technical proposal.

In the first approximation, the limits of ADS
application are defined. The following assump-
tions are used:

+ ADS is spherical,

+ ADS weight is determined by weight of aero-
dynamic element (AE), while weights of pres-
surizing, storage, and deployment systems are
not taken into account;

+ the ADS weight must be less than or equal to
the mass of fuel required for booster rocket de-
orbiting maneuver;,

+ the effect of space factors is not taken into ac-
count.

The mathematical formulation of the choice of
ADS parameters in this case is as follows:

(16)

mep =f(tL’ mep SM’ mAE) - min|k1 = kz’

where ¢, is ballistic lifetime of booster rocket
with ADS; m,., is booster rocket weight; §, is
area of middle ADS cross section as defined by

formula [5]: -
2mcr\/%' X (e, 7)
S, =

t,3 P, C, ’

(17)
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X (e,z) = 3-eexp(n) [y, Te ot 1
’ 41,(z) + 8el () 6 16 2z
11le , 3 | 3
RS 2 18
g (12 47 422)} (18)

C, is aerodynamic resistance coefficient; in the
case of undirected SC motion it is assumed that
Cy=22;p,, is atmospheric density in orbit peri-
gee; I (z) are Bessel functions of order £ = 0 and
1 and argument z = ae/ H_; e is orbit eccentri-
city; p is Earth gravitational parameter; a is ma-
jor semi-axis; H_ is height of dense atmosphere;
m,,is ADS aerO(fynamic element weight; &, is cri-
terion of propulsion system effectiveness

(19)

m, is weight of working substance required for
booster rocket deorbiting maneuver

AV

!

= 1- e( “
mT mKA

(20)

b

AVisincrease in velocity required for SC deorbit-
ing maneuver; it is determined by formula [5]:

T
ra 7/'(l

r, is radius vector of booster rocket in the orbit
apogee; r, is radius vector of booster rocket in or-
bit perigee; Ar, is a height to lower perigee; w, is
working substance outflow velocity; k, is criteri-
on for assessment of ADS effectiveness

r

n

r +r
a n

r +Ar

n n

+r +Ar
n n

), 21

mAC v

)
mKA

(22)

m,., is ADS weight; at the given stage it is de-

fined by AE weight calculated by the formula:
Maey = L2TN Sy 8y P (23)

is thickness of pneumatic element material;
is density of pneumatic element material.

d

MHE
p MHE

In the 2" approximation ADS parameters are
calculated taking into consideration the weights
of storage and pressurizing systems and feasibility
analysis of ADS use is made. At this stage, ADS is
assumed spherically configured. Its configuration
has to meet limitations on ADS structural element
dimensions and to have a minimum weight m, . .

In this case the ADS configuration is limited
by the following:

+ AE diameter d,, shall be less than or equal to
the permissible shell diameter d,, in the given
case ADS spherical element is used as aerody-
namic element;

+ length of inflatable mast (IM) /,,, shall be less
than or equal to the permissible length /, .

At this stage of ADS parameter selection, the
space factor effect is neglected. The mathematical
formulation is as follows:

V=/(V.,V

AP T CX’
where m_ is ADS storage system weight. Let us
assume that the ADS storage system on SC board
is shaped as cube with its weigh m,_, defined by
the formula:

Mex = 6 (3 \JVMHE +VCH)2 ’ SMCX' Puex (25)

where §,, ., is thickness of storage system materi-
al; in this case 3., =5- 10" m; p, ., is density of
storage system material. The storage system is
made of TD 33 aluminum alloy having a density
Py = 2700 kg/m? V, is volume of pneumatic
element material; V_, is volume of pressurizing sys-
tem; m,,, is weight of pressurizing system.

In the third approximation, ADS parameters are
calculated for various configurations, with size li-
mitations taken into account. At this stage, ADS
parameters are defined more precisely with space
factor (space vacuum, solar radiation, atomic oxy-
gen, and SD) effect taken into consideration. The
mathematical formulation for ADS parametriza-

tion is as follows:

V.,;) — min, (24)

m,.,=f(m,A,A,m.,m.,m

ep Moy By) =

cx’

don

. dAE S dAE
— min l < lr)(m
HM — "HM

(26)

)
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where A, is space vacuum effect (polymeric mate-
rial sublimation) coefficient; A, is atomic oxygen
effect coefficient; A, is SD effect coefficient.

To calculate the model input parameters for
taking into account the space factor effect, the
system of equations shall be solved [5]:

%L %—\/% (esin 9 - S+ (1 + ecos)T), \
2

@: g@ sin 9.5 + e+2cosS+ec058T’

dt \p 1+ ecos9

di |a V1—e?

dat 1+ ecosf cos(o + HW,

dQ _|a N1—€ sin(o +9)

dt \p 1+ ecosf sini ’

1[ _ 2
d—®=\/Z 1—e —[cos9S + 2Jre&sgsinST — cosi@
dt \un e dt

1+ ecos
do 1—e? 2ecosd 2+ecosy .
dr —nT TKCOSS 1+ ecosS)S 1+ ecos9 smST} ’

(27)

The system of equations (27) is integrated us-
ing the Adams-Bashforth method with an inte-
gration step of 1 day.

Having solved the system of equations, the time
for which the booster rocket with ADS onboard
downs by a height of one stratum (50 km) for which
coefficients A, A, , A,. are calculated is determin-
ed. As the booster rocket reaches the next strata,
the parameters shall be recalculated. The iterative
procedure for calculation of coefficients A, A, , A,
shall continue until the booster rocket reaches a
critical height of 150 km, i.e. the endoatmospheric
boundary. As soon as orbit height of 150 km is
reached the iteration procedure stops. At the same
time, the thickness AE material at which AE can
operate for a given orbit lifetime is calculated.

CONCLUSIONS AND RECOMMENDATIONS

As a result of aerodynamic system study, the
creation of aerodynamic pressurizing systems for
deorbiting has been found feasible. Aerodynamic

ISSN 2409-9066. Sci. innov. 2017, 13(4)

deorbiting systems have been classified; configu-
ration and parameters of ADS for booster rocket
deorbiting have been chosen. The ADS configu-
ration includes aerodynamic element, pressuriz-
ing subsystem, and aerodynamic subsystem for
ADS storage on booster rocket board.

A mathematical model of effect of space factors
on ADS has been developed; The atomic oxygen
and space vacuum (sublimation) effects have
been showed to cause a decrease in shell thick-
ness, while SD effect leads to increase in con-
sumption of working substance for the pressuriz-
ing the shell. ADS parameters have been calcu-
lated for a service life of 25 years with space factor
effect taken into consideration. Tetrahedron has
been found the optimal configuration in terms of
expended weight. For adapting the existing ADS
to their use on booster rockets a method for re-
ducing ballistic lifetime on the near-Earth orbits
and a device for decreasing volume of ADS on
booster rocket board have been proposed.

Limits of ADS application have been determin-
ed and expediency of ADS use for booster rocket
deorbiting at a height under 780 km has been justi-
fied. ADS parameters have been optimized for vari-
ous configurations, with Torus and Sphere Cone
being the most optimal configuration.

The results have been implemented at Pivdenne
Design Office when choosing the parameters of
ADS for Cyclone 4 booster rocket deorbiting.
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IHCcTUTYT TEXHIYHOT MeXaHIKU
HarionanbHoi akajziemii Hayk YKpainu
i Jlep:kaBHOTO KOCMiYHOTO areHTCTBAa YKpainu,
ByJ1. Jlemko-TTomesns, 15, [lninpo, 49005, Ykpaitna

PO3POBKA KOHCTPYKTHMBHOI CXEMU
TA BUBIP ITPOEKTHUX [TAPAMETPIB
AEPO/IMHAMIUHOI CUCTEMU BIJIBEJIEHHA
3 OPBITU PO3TTHHUX CTYIIEHIB
PAKET-HOCIIB

Hageneno anasis ta kiacugikariiio aepouHaMivHUX CUC-
TEeM BiJBeeHH s 3 OpOITH PO3riHHKUX CTYNEHIB PaKeT-HOCIiB i
BU3HAUEHO TEXHIUHY PeaTi30BaHiCTh i MOXKJIUBICTh CTBOPEH-
HS aepOAMHAMIYHIX HaJyBHUX cUCTeM i Bizsenents. Ckiia-
JIEHO MaTeMaTH4YHYy MOJe/b OpOITAIbHOIO PyXy PO3TIHHOIO
cTylieHs1 paketu-Hocis. [IpoBesieHo po3paxyHOK mapameTpiB
aepoIMHAMIYHUX CUCTEM Bi/IBeJleHHsT Pi3HUX KOH(DIrypaiiit
6e3 ypaxyBaHHs BIUIUBY (aKTOPiB KOCMIYHOTO IPOCTOPY.
Ornineno BIJTUB (HaKTOPiB KOCMIYHOTO MTPOCTOPY HA a€POI-
HaMIiuHy CHCTEMY BiIBeZICHHS Ta [TOKA3aHo, 1110 BIUIUB aTo-
MapHOTO KHCHIO i KOCMIYHOTO BakyyMmy (cyOsimarii) mpu-
3BOIUTH /[0 3MEHIIIEHHSI TOBIIUHU 0OOJOHKY aepOIHHAMIY-
HOTO €JIEMEHTY CHCTEMH, a BIUINB (DPArMeHTiB KOCMIYHOTO
CMITTsI 10 301JIbIIIeHHs BUTPAT POOOUOT PEYOBUHM JIJIST HAJl-
JIyBaHHsI 0OGOJIOHKH aePOJIMHAMIYHOTO €JIEMEHTY CHCTEMHU.
O06paHo KOHCTPYKTUBHY CXEMY Ta MPOBEAEHO PO3PAXyHOK
rapaMeTpiB aepoMHAMIYHOI CUCTeMHU BiIBe/IEHHS 3 ypaxy-
BaHHSM BIUIMBY (haKTOPiB KOCMIYHOTO TIPOCTOPY.

Knrwouosi cnoea: po3rinHa CTyiHb paKeTH-HOCIS, KOC-
MidHe CMiTTs, aepoIMHaMiYHa crcTeMa BifiBeleHHs, (hakTo-
P KOCMIYHOTO TIPOCTOPY.
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WMuctutyT Texuuyeckoit Mmexannku HarmonanbHo
akajzeMun Hayk Ykpaunbl u [ocymapcTBenHoro
KOCMUYECKOTO areHTCTBA YKPanuHbI,
ya. Jlemko-Tlomess, 15, memnp, 49005, Yipanta

PA3PABOTKA KOHCTPYKTUBHOWM CXEMBI
U1 BBIBOP [TPOEKTHBIX [IAPAMETPOB
ADPOJIMHAMUNYECKOW CUCTEMBI YBOJIA
C OPBUTBI PA3TOHHBIX CTYIIEHE
PAKET-HOCUTEJIEN

IIpencrabien ananns m kiuaccuuKaus aspojuHAMU-
YECKUX CHCTEM yBO/A C OPOUTDI PA3TOHHBIX CTYIIEHEN paKeT-
HOCHTeJIEH M olpejiesieHa TeXHUYecKas peajln3yeMocTb 1
BO3MOYKHOCTb CO3/IaHNUST A9POAMHAMUUECKUX HA/ULYBHBIX CHC-
TeM st yBozia. CocraBiieHa MaTeMaTHyecKast MoJiesib opou-
TaJIPHOTO JBMIKEHUS Pa3TOHHOII CTYIIeHN PaKeThl-HOCUTEJLS.
IIpoBezien pacyer napamMeTpoB aspoOAMHAMUYECKUX CUCTEM
yBO/IA Pas3IMYHBIX KOHGUrypanuii 6e3 yyera BIustHUS Gak-
TOPOB KOCMHYECKOTO TIpocTpaHcTBa. [IpoBesena orenka
BJIMSAHUA (PAKTOPOB KOCMUYECKOTO TIPOCTPAHCTBA Ha adpo-
JTHAMIYEeCKYI0 CHCTEMY YBOZQ, II0KA3aHO, YTO BJIUSHUE
ATOMaPHOTO KHCJIOPOJIa U KOCMUYECKOro Bakyyma (cy6Jm-
Mal[ii) BeIET K YMEHBIIIEHHIO TOIIUHBI 0O0JIOUYKH, a BIIUSI-
Hue ¢GparMeHTOB KOCMMYECKOTO MycOpa — K YBEJIMYEHUIO
pacxoz10B paboyero BerecTsa s HaryBa 0601049Ku. Bbi-
6paHa KOHCTPYKTHBHAS CXeMa ¥ IIPOBEJIEH PACYET TTapaMeT-
POB a9POMHAMIYECKOIL CHCTEMBI YBOJIA € YIETOM BIIUSHUS
(hakTOpPOB KOCMUUECKOTO IIPOCTPAHCTBA.

Kntoueswvie crnosa: pa3ronHasl CTYIE€Hb PaKeTbI-HOCH-
TeJIAd, KOCMWYECKUIA MYCOD, a9poiInHaMN4eCKas CUCTEMa YBO-
Ja, (baKTOpBI KOCMHYECKOTO ITPOCTPAaHCTBA.



